BACKGROUND: From January 2016, payment for oral-only renal medications (including phosphate binders and cinacalcet) was expected to be included in the new Medicare bundled end-stage renal disease (ESRD) prospective payment system (PPS). The implementation of the ESRD PPS has generated concern within the nephrology community because of the potential for inadequate funding and the impact on patient quality of care.
H yperphosphatemia, a common disorder in patients with end-stage renal disease (ESRD) who are undergoing dialysis, is strongly associated with cardiovascular morbidity and mortality. [1] [2] [3] For the management of hyperphosphatemia, most patients are prescribed phosphate binders to be taken 3 times per day, and doses are titrated until target serum phosphate levels (e.g., ≤ 5.5 milligrams per deciliter) are achieved. 4, 5 Dialysis (hemodialysis and peritoneal dialysis) patients are generally eligible for Medicare benefits beginning in the fourth month after diagnosis of ESRD. 6 The 2012 U.S. Renal Data System (USRDS) report estimates that 72% of patients undergoing hemodialysis and 64% of patients undergoing peritoneal dialysis receive Medicare Part D coverage. 7 For a dialysis organization, the per-person-per-month costs of Part D medications are considerably higher for phosphate binders ($331.92, 2010 data) than for other oral renal disease medications (vitamin D, $29.52; cinacalcet, $99.10; 2010 data). 7 In January 2011, the Centers for Medicare & Medicaid Services (CMS) fundamentally changed payment for dialysis services for patients with ESRD on Medicare by launching a new case mix-adjusted bundled prospective payment system (PPS). [8] [9] [10] At present, Medicare reimburses health care 
What is already known about this subject
• Integrating Part D drugs into Part B payments at this scale is believed to lack any policy precedent, and there is concern regarding the potential for inadequate funding and reduction in quality of care.
• Our model predicts that the projected $33.44 prospective payment system reimbursement rate for oral-only renal medications would be insufficient to cover these costs.
• This study estimates that a reimbursement rate closer to $50. 91 per dialysis session ($34.48 phosphate binders; $16.43 cinacalcet) may be required simply to fund the current utilization mix of phosphate binders.
• The outputs from our model support concern for potential underfunding of ESRD treatment and the management of new tradeoffs affecting the facilities and patient outcomes under the new Medicare payment approach. 
■■ Methods Concept and Development of the Budget Impact Model

Model Assumptions
The budget impact model is based on the following assumptions.
• Within the new bundled rate, oral renal therapy medications (i.e., phosphate binders, cinacalcet, and oral vitamin D) will be reimbursed at $35.00 per in-center dialysis session. After exclusion of oral vitamin D, which has been included in the bundle since 2011, oral-only renal medications (phosphate binders and cinacalcet) will be reimbursed at $33.44 per dialysis session ($35.00 -$1.56 = $33.44). The $33.44 assumption is aligned with market expectations because it is within the rate proposed for oral renal reimbursement by CMS ($14.00 -$1.56 = $12.44) and renal organizations ($45.00 -$1.56 = $43.44).
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• Patients will continue to receive 1 phosphate binder without switching to another phosphate binder during the study period (12 months).
• The incidence and prevalence of dialysis will remain constant on an annual basis, and new dialysis patients and those who die will each spend an average of 6 months in the model. Individuals who are hospitalized will not receive treatment via a dialysis organization during their hospital stay and have a corresponding decrease in the number of patient-years on dialysis.
• Dialysis centers will attempt to spend less than the amount of bundled reimbursement (including phosphate binders) per dialysis session and provide care to maximize the number of patients healthy enough to return for outpatient dialysis. Regardless of phosphate binder expenses, large dialysis centers will be reimbursed at a set rate for bundled dialysis services and renal medications. The expenses for cinacalcet (base $13.80) per dialysis session have been inflated for annual cost adjustments between 2013 and 2016.
• Generics of sevelamer hydrochloride and lanthanum carbonate will become available in 2015 and cost 65% of the price of branded phosphate binders. It has been reported that when a generic drug is launched in the U.S. market at the time a patent expires, it is usually priced at around 30% less than the original branded drug. 18 organizations separately for services, lab tests, injectable medications, oral vitamin D (Part B), and oral-only renal medications (Part D) provided to patients enrolled in the program. From January 2016, payment for oral-only renal medications (including phosphate binders and cinacalcet) was expected to be integrated into the Medicare Part B ESRD bundled reimbursement package after a previous 2-year delay. 11 However, in March 2014, as part of the American Taxpayer Relief Act, inclusion of these drugs into the bundle has been deferred to 2024 to ensure that patients continue to have access to essential medications. 12 CMS originally proposed that the 2011 bundle would include $14 to cover oral renal medications, but organizations agreed that the proposed reimbursement for oral medications grossly underestimated actual expense and instead proposed $45. 13 The implementation of this type of bundled PPS is expected to lead to pronounced adjustments in the treatment patterns of patients with ESRD. 9, 14, 15 For example, the bundled PPS is expected to affect the choice of dialysis type, creating financial incentives for increased use of peritoneal dialysis. 16 Early observations of small dialysis organizations have suggested that intravenous vitamin D use has decreased, and use of oral therapies for metabolic bone disease has increased following implementation of the PPS in 2011 (before the integration of oral medications in the bundle). 17 To our knowledge, however, no studies have investigated the budgetary impact of the PPS on large dialysis organizations or evaluated the potential financial implications of the integration of Part D oral drugs into a bundled payment. Previous studies raised concerns that integrating Part D oral drugs with Part B payments lacks any policy precedent, which may result in potential inadequate funding and reduction in quality of care. 9, 11, 13, 15 However, no quantitative evaluations have been published that estimate the potential effects of this bundling policy.
We developed a pharmacy budget impact model capable of assessing the potential impact of the proposed bundled PPS rate on the budget available to Medicare organizations for the treatment of patients undergoing dialysis and receiving phosphate binders among Medicare Part D beneficiaries. In anticipation of the 2016 implementation, we utilized the model to estimate the budgetary impact associated with the integration of Part D drugs into the bundled PPS on a large dialysis organization setting in the United States. In August 2013, patent protection of sevelamer hydrochloride expired, which is likely to be followed by lanthanum carbonate in the near future. Alterations of phosphate binder market shares and shifts from branded to generic binders may impact treatment patterns of patients with ESRD. Therefore, we also used the model to evaluate potential changes to the budgetary impact under various phosphate binder market share scenarios between 2013 and 2016. 
Model Inputs
Patient Population. The target population of the model was patients with ESRD who were Medicare Part D beneficiaries, were receiving phosphate binders, and were being treated by a large dialysis organization. Population estimates were based on 2010 data obtained from the 2012 USRDS annual report for patients who were treated in a large dialysis center and who received phosphate binders (80% of treated patients; see Figure 1 ). 7 There are 3 large dialysis centers in the United States: DaVita, Dialysis Clinic Inc., and Fresenius, where 258,525 dialysis patients were treated in 2010. It was estimated that patients have a mean of 140 in-center dialysis sessions per year 19 and that 74% of hemodialysis patients and 64% of peritoneal dialysis patients are on Medicare Part D. 7 The number of patientyears on dialysis was predicted based on mortality, adjusted depending on phosphate binder utilization and associated mortality; 20 days not at the dialysis center due to hospitalization, based on mean hospital days; 7 and risk reductions of phosphate binders relative to one another (Appendix A, available in online article).
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Phosphate Binder Utilization Rates. Current (2013) relative utilization rates of calcium-, sevelamer-, and lanthanum-based phosphate binders (Table 1) were based on 2011 drug utilization data from a large dialysis organization setting (Shire internal data). A 70% rate of adherence to phosphate binders was assumed. 23 It was assumed that the 32% of patients undergoing dialysis who received phosphate binder therapy received cinacalcet (Shire internal data).
Phosphate Binder Costs. Medicare reimbursements for various phosphate binders were based on 2008 and 2010 Part D data from the 2012 USRDS annual report (Table 1) . 7 Costs were adjusted to 2013 U.S. dollars using an inflation rate of 6% per year. Future Medicare PPS reimbursements were estimated based on (a) a $240. Sensitivity and Scenario Analyses. The base case analysis was conducted with the current utilization and costs of phosphate binders. One-way sensitivity analyses were performed for 2016 using ranges for phosphate binder adherence (± 20% of 70%; 56%-84%), inflation rate (4%-8%), and reimbursement amounts for the bundled PPS (± 20% of $34.44; $26.75-$40.13). In addition, 
Target Population Included in Economic Model
Managing Oral Phosphate Binder Medication Expenditures Within the Medicare Bundled End-Stage Renal Disease Prospective Payment System: Economic Implications for Large U.S. Dialysis Organizations scenario analyses were conducted using a variety of potential future alterations in phosphate binder percentage utilization.
■■ Results Predicted PPS Reimbursements
The target population comprised an estimated 151,561 patients in 2013 (Figure 1) . In 2013 and 2015 the oral-only renal medication reimbursements were estimated at $42.92 and $48.03, respectively (Table 2A ), based on current market shares and costs (Table 1) . These estimates equaled the medication costs (Table 2B ) before the integration of Part D drugs into the PPS. The 2013 estimated reimbursement for cinacalcet was $13.80 per dialysis session. This was calculated based on the weekly cost of cinacalcet currently reimbursed by Medicare divided by 2.68 dialysis sessions per week, with an assumption that 32% of patients in this model utilized cinacalcet, and adjusted for 6% inflation and 70% adherence. 7 Phosphate binder medication cost estimates for 2013 were $29.12 per dialysis session (weekly cost of medications currently reimbursed by Medicare divided by an estimated 2.68 dialysis sessions per week). 7 Based on the assumed reimbursement of $33.44 per dialysis session, reimbursement costs for cinacalcet in 2016 were predicted at $16.43, leaving $17.01 available for phosphate binder reimbursements (Table 2A) A $33.44 reimbursement rate for all oral-only renal medications (with $17.01 being allocated for phosphate binders) within the PPS, therefore, is insufficient to cover dialysisrelated drug costs in this 2016 scenario (Figure 2) . If current phosphate binder market shares were to remain the same in 2016, a PPS reimbursement of $50.92 ($34.48 for phosphate binders and $16.43 for cinacalcet) would be necessary to cover the predicted oral-only renal medication costs of large dialysis organizations (Table 2B ). Based on these estimates, a reimbursement rate of $33.44 per dialysis session for oral-only renal medications would lead to a potential budget shortfall of $345,864,207 in phosphate binder funds in 2016 (Figure 3 ).
Sensitivity and Scenario Analyses
One-way sensitivity analyses show that phosphate binder drug costs per dialysis session in 2016 would range from $27.59 to $41.38, and the budget impact would range from a shortfall of $144,331,380 to $547,397,035 (compared with the base case shortfall of $345,864,207) over a phosphate binder adherence rate range of 66%-84% (Figure 4) . Phosphate binder drug costs per dialysis session would range from $29.61 to $40.04, and the budget impact would range from a shortfall of $219,861,182 to $487,800,320 across an inflation rate range of 4%-8%. Over a bundled PPS reimbursement rate range of $26.75-$40.13, phosphate binder drug costs per dialysis session were $34.48, and the budget impact shortfall would range from $246,910,869 to $444,817,546. Model scenarios are shown in Appendices B-D (available in online article).
■■ Discussion
We developed an interactive budget impact model to estimate the potential economic impacts of the new Medicare bundled ESRD PPS reimbursement. The model was also capable of estimating the budgetary impact of the proposed PPS reimbursement rate under various phosphate binder market scenarios based on potential future shifts from current market conditions. To our knowledge, this study constitutes the first budgetary impact assessment of the Medicare bundled reimbursement rate from a large dialysis organization perspective. At the time of this study, the implementation of this payment reform was expected to be effective in 2016.
The budget impact model suggested that estimated phosphate binder costs (based on 2013 utilization data) in 2016 ($34.48) may be almost twice that of the estimated PPS reimbursement rate available for phosphate binders ($17.01). Based on the current data available, our model predicted that the projected $33.44 PPS reimbursement rate for oral-only renal medications would be insufficient to cover these costs. Instead, it suggested that a 2016 reimbursement rate closer to $50.91 per dialysis session ($34.48 phosphate binders; $16.43 cinacalcet) may be required simply to fund the current utilization mix of phosphate binders. Medicare PPS reimbursements were estimated based on a $240.36 reimbursement for dialysis, lab tests, injectable drugs, and oral vitamin D (2013, Medicare Part B), and the 2015 PPS base rate reimbursement would be $239.33. Our model is a useful and innovative effort to evaluate the budgetary impact of the new bundled PPS. It is a valuable tool for evaluating the adequacy of a PPS $33.44 reimbursement rate in providing the necessary oral-only renal medications to patients. In addition, our model estimated that the Medicare phosphate binder cost per dialysis session in 2013 was $29.12. This translates to $339.72 per patient per month (assuming 140 dialysis sessions per year), which is consistent with the 2012 USRDS report (phosphate binder costs for 2010 were $331.92 per person per month). 7 The predictions derived from our model are therefore aligned with the USRDS report. 7 The estimates presented in this study are based on a large dialysis organization perspective; further research is required to investigate the economic impacts of the integration of phosphate binders in the bundle reimbursement on smaller organizations because they are more likely to be susceptible to financial implications of the PPS than large organizations. This study supports the recent delay of the bundling implementation for oral-only renal medications, which will give CMS time to further evaluate the reimbursement rate and implement a policy that ensures access to care while recognizing the need for continued quality of care in this population. Our findings provide important information to stakeholders concerning this policy, including CMS, since this study provides incremental data that could inform a potentially more reasonable reimbursement rate based on the recent utilization and costs of phosphate binders. Several other scenarios based on various potential phosphate binder market share shifts from 2013 to 2016, and sensitivity analyses also indicated that a large dialysis organization may be challenged to manage phosphate binder expenditures within the Medicare bundled rate structure. The scenario analysis indicated that unless calcium-based phosphate binder use increases significantly (by 70%), phosphate binder cost per dialysis session would not meet the phosphate binder reimbursement rate. Our model found that the utilization-weighted mortality and number of hospital days increased proportionally as calcium salt utilization increased (Appendix B, available in online article). Although calcium-based binders are relatively inexpensive, calcium salts have been associated with an increased risk of hypercalcemia and vascular calcification. 24, 25 The National Kidney Foundation's Kidney Disease Outcomes Quality Initiative recommends that the daily calcium intake from phosphate binders should not exceed 1,500 milligrams per day. 4 Patient quality of care may therefore be compromised under such low medication cost scenarios. When implementing new medical payment systems, it is important to ensure that adequate measures are in place to evaluate the outcomes and to maintain the standard of patient care.
The outputs from our model support concern for potential undertreatment of patients with ESRD and the management of new trade-offs affecting facilities and patient outcomes under the new Medicare payment approach. 14, 15 Despite the early observations by the Study to Evaluate the Prospective Payment System Impact on Small Dialysis Organizations, 17 which suggested that the proportion of patients treated with phosphate binders -$600,000,000 -$400,000,000 -$200,000,000 $0
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FIGURE 4
One-Way Sensitivity Analyses for Budget Impact of PPS Reimbursements to a Large Dialysis Organization in 2016
Note: Base case = current market scenario (2013) . PPS = prospective payment system.
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of phosphate binders and taking into account adherence, hospitalization, and mortality.
Limitations
Our evaluation may be limited because the model is developed from a mix of available data sources not necessarily intended for research purposes. Another potential limitation is that the results are based on predictions of the Medicare bundled reimbursement rate for both dialysis-related services and oralonly renal medications. In order to predict future costs, the model has to be based on a variety of assumptions that may also potentially limit our economic evaluations. Additionally, the treatment efficacy associated with phosphate binders (i.e., reduced risks of hospital days and mortality) was derived from 1-year outcomes. Furthermore, we did not consider patients' copayments, dialysis organizations' purchasing prices for phosphate binders, or the ESRD Quality Incentive Program, which may also affect drug utilization and costs.
14 Patients' out-ofpocket costs have the potential to change because drugs currently covered under Part D will be integrated into Medicare Part B. Large dialysis organizations' drug purchasing prices may vary from those in Medicare Part D, and the ESRD Quality Incentive Program may affect their behavior. There is also uncertainty relating to the potential direct and indirect effects of changing phosphate binder utilization and costs based on dialysis organization behavior after the implementation of a bundled system. Lastly, this study was conducted under the assumption of policy implementation in 2016, although as a part of Health Provisions in the Protecting Access to Medicare Act of 2014, inclusion of oral renal drugs into the bundled payment system has been further delayed until 2024. However, this timely information has relevance to policy decision makers who will reevaluate this program and guide its decisions with evidence of the potential impact of the bundled PPS on the budget available for large dialysis centers.
■■ Conclusions
The findings from this budget impact model suggest that large dialysis organizations may be confronted with important budgetary implications within a bundled PPS system for renal medications. More specifically, they face great challenges to manage phosphate binder expenditures within the current estimated Medicare 2016 bundled reimbursement rate for oral renal medications. The new PPS system may influence future treatment selection, patterns of medication use, and health outcomes in patients with ESRD. Inadequate reimbursement rates for oral renal medications may lead to unintended patient consequences, such as increased mortality and additional hospitalization. Therefore, to ensure that renal patients have sufficient access to phosphate binders, a higher renal oral medication reimbursement rate than that anticipated in the most recent proposal for the new Medicare PPS may be required. 
APPEnDIx A Model Inputs
Changes to phosphate binder market shares were adjusted in the model allowing investigation of a variety of potential future scenarios. We specifically explored the effects of 2 different market share scenarios (scenarios 1 and 2), based on the expected market shifts and market prices due to the expiration of sevelamer hydrochloride and lanthanum carbonate and the impact of this on the annual phosphate binder costs to a large dialysis organization expected in 2016.
Scenario 1
A generic formulation of sevelamer hydrochloride is expected to be available in 2015. We manipulated the model according to a potential future scenario involving a 20% shift in phosphate binder market share from branded to generic sevelamer hydrochloride between 2013 and 2016. This produced an estimated phosphate binder cost of $30.65 per dialysis session (Appendix C). This is lower than the 2016 cost estimated under the base case scenario ($34.48); however, a $33.44 reimbursement rate for oral-only renal medications ($17.01 for phosphate binders) would still be insufficient to cover dialysis-related costs in this scenario (Figure 2 in text) . In this scenario, estimated total expenditure ($606,541,037) was slightly lower than the 2016 base case scenario ($682,432,945, Appendix C). According to these estimates, a reimbursement rate of $33.44 per dialysis session for oral-only renal medications would lead to a shortfall of $269,972,299 for large dialysis organizations in 2016 (Figure 3 in text) .
Scenario 2
We investigated a scenario based on a 20% shift in market share from sevelamer carbonate to lanthanum carbonate between 2013 and 2016. A 20% increase in the share of lanthanum carbonate and corresponding decrease in sevelamer carbonate share in 2016 resulted in an estimated total phosphate binder cost of $33.34 per dialysis session, which is only slightly lower than the 2016 estimate under the base case scenario ($34.48; Appendices C and D). A $33.44 reimbursement rate for oral renal medications would therefore also be insufficient to cover dialysis-related costs in this scenario (Figure 2 in text) . The total budget impact of this scenario ($660,343,728) was similar to the 2016 base case scenario ($682,432,945 based on current market shares), leading to a shortfall of $323,505,973 (Figure 4 in text) .
Additional Scenarios
We utilized the model to investigate the budgetary impact of other scenarios based on a variety of market share shifts from 2013 to 2016 (scenarios 3-6, Appendix D). These scenarios generated estimates of phosphate binder costs between $25.33 and $32.57. A $33.44 reimbursement rate for oral-only renal medications was consistently found to be insufficient to cover oral renal medication costs across all of these market scenarios, leading to shortfalls of between $164,706,535 and $307,918,253 (Appendix D).
The model was also manipulated to investigate budgetary impact scenarios using anticipated costs based on 2016 phosphate binder utilization share (calcium acetate utilization: 30%-70%; data not presented). In these scenarios, anticipated costs of phosphate binders were lower than in the scenarios based on market shifts; however, the majority also indicated that a $33.44 reimbursement rate for oral-only renal medications would still be insufficient to cover dialysis-related costs, leading to shortfalls ranging from $911,511 to $137,936,110. Only 1 scenario (70% generic calcium acetate + 30% generic sevelamer hydrochloride) met the PPS phosphate binder reimbursement rate ($17.01), with anticipated drug costs of $15.71. This scenario therefore led to savings of $25,429,981. However, the model found that this scenario was associated with increased utilization-weighted mortality (36.54%) and number of hospital days (12.97 days) from an increased utilization of calcium acetate. 
APPEnDIx B Model Scenarios
